EP 2 987 879 A1

(1 9) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 2 987 879 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication:
24.02.2016 Bulletin 2016/08

(21) Application number: 13882466.9

(22) Date of filing: 29.09.2013

(51) IntClL:

C22C 21/08 200609
C22F 1/05(2006.0%

C22C 1/02 (2006:09

(86) International application number:

PCT/CN2013/084591

(87) International publication number:

WO 2014/169585 (23.10.2014 Gazette 2014/43)

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB

GRHRHUIEISITLILTLULVMC MK MT NL NO

PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

(30) Priority: 19.04.2013 CN 201310138522

(71) Applicant: General Research Institute For
Nonferrous Metals
Beijing 100088 (CN)

(72) Inventors:
* XIONG, Baiqing
Beijing 100088 (CN)

e LI, Xiwu
Beijing 100088 (CN)
* ZHANG, Yongan
Beijing 100088 (CN)
¢ LI, Zhihui
Beijing 100088 (CN)
¢ LIU, Hongwei
Beijing 100088 (CN)
* WANG, Feng
Beijing 100088 (CN)

(74) Representative: Grey, lan Michael et al

Venner Shipley LLP
200 Aldersgate
London EC1A 4HD (GB)

(54) ALUMINUMALLOY MATERIAL SUITABLE FOR MANUFACTURING OF AUTOMOBILE SHEET,

AND PREPARATION METHOD THEREFOR

(67)  The present invention discloses an aluminum
alloy material suitable for the manufacture of automotive
body panels comprising: Si 0.6 to 1.2 wt%, Mg 0.7 to 1.3
wit%, Zn 0.25 to 0.8 wt%, Cu 0.02 to 0.20 wt%, Mn 0.01
to 0.25 wt%, Zr 0.01 to 0.20 wt%, and the balance of Al
and incidental elements, based on the total weight of the

Ro02(T4P)

4

Good

Iz(T4P)

15 (T4PY

aluminum alloy material, wherein the aluminum alloy ma-
terial satisfies the inequation of: 2.30 wi%<
(Si+Mg+Zn+2Cu) wt%<3.20 wt%. The present invention
further provides a method of producing the aluminum al-
loy material and a final component comprising the alu-
minum alloy material.

& .
o A(T4P)

Alloy 29# according to the present
invention

i AAG016 (Alloy 304#)
e AAG111 (Alloy 31#)

s AA6022 (Alloy 32#)

FIGURE 1

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 2 987 879 A1
Description
TECHNICAL FIELD

[0001] The present invention relates to the field of aluminum alloys (also known as Al alloys) and the preparation
thereof, especially to 6xxx series aluminum alloys (i.e., Al-Mg-Si-based aluminum alloys) as registered with the Interna-
tional Aluminum Association. In particular, the present invention relates to aluminum alloy materials suitable for the
manufacture of automotive body panels and the methods of producing the same.

BACKGROUND

[0002] The development of automotive industry is an important symbol of human civilization and social progress, and
also a powerful motive force of economic development. However, with the rapid development of automotive industry,
the resulting problems including energy consumption and environmental contamination become more and more severe.
Thus, it has become significant research subjects in the field of automotives to reduce the fuel oil consumption and the
discharge of CO, and harmful gases and particles to the atmosphere.

[0003] As an effective way of reducing the consumption rate of automotive fuels and saving the energy, the light-
weighting of automotives has become a development trend of automotive industry in the world. It is an important way
of light-weighting of automotives to use light-weight materials for constructing automotive components, especially con-
structing the automotive bodies which comprise 30% of the total weight of automotives. Aluminum alloys are desirable
light-weight materials for the manufacture of automotives due to their various characteristics including light weight,
abrasion resistance, corrosion resistance, high specific strength, good impact resistance, ease of surface coloring,
recoverability, and the like. Among others, 6xxx series aluminum alloys are believed to be the most promising aluminum
alloy materials for the manufacture of automotive bodies.

[0004] For further satisfying the requirements for aluminum alloy body panels of automotive industrial development,
recently some Chinese and foreign research institutes and enterprises have in succession developed a variety of alu-
minum alloy materials for automotive body panels with good performances. For instance, the Chinese invention patent
application No. CN101880805A discloses an Al-Mg-Si-based aluminum alloy for automotive body panels and a method
of preparing the same, said aluminum alloy consisting essentially of: Si: 0.75 to 1.5 wt%, Fe: 0.2 to 0.5 wt%, Cu: 0.2 to
1.0 wt%, Mn: 0.25 to 1.0 wt%, Mg: 0.75 to 1.85 wt%, Zn: 0.15 to 0.3 wt%, Cr: 0.05% to 0.15 wt%, Ti: 0.05 to 0.15 wt%,
Zr: 0.05 to 0.35 wt%, and the balance of Al. The material comprises a minor amount of Zn, and an amount of Cu which
is near or even higher than the Cu level in 6111 aluminum alloys. However, it can be seen from the performance results
provided in the examples that such materials exhibit relatively high yield strength under delivery condition, and limited
response capacity to bake hardening (about 50 MPa). Moreover, the Chinese invention patent application No.
CN101935785B discloses high-formability aluminum alloys for automotive body panels consisting essentially of: Si: 0.50
to 1.20 wt%, Mg: 0.35 to 0.70 wt%, Cu: 0.01 to 0.20 wt%, Mn: 0.05 to 0.20 wt%, Cr<0.10 wt%, Zn: 0.01 to 0.25 wt%,
Ti<0.15 wt%, Fe: 0.05 to 0.15 wt%, and the balance of Al. These aluminum alloy materials comprise an amount of Cu
which is controlled at a relatively low level, further incorporate a minor amount of Zn element, and are controlled with
the concentrations of trace elements. It can be seen from the performance results provided in the examples that such
materials exhibit good formability and response capacity to bake hardening, but the strength performance of materials
after baking is to be further improved.

[0005] For overcoming the defects of performances of existing aluminum alloy materials for automotive body panels,
there is still a need of developing novel aluminum alloy materials for automotive body panels which exhibit both high
bake hardenability and good formability.

SUMMARY OF INVENTION

[0006] The present invention provides an aluminum alloy material suitable for the manufacture of automotive body
panels comprising: Si 0.6 to 1.2 wt%, Mg 0.7 to 1.3 wt%, Zn 0.25 to 0.8 wt%, Cu 0.01 to 0.20 wt%, Mn 0.01 to 0.25 wt%,
Zr 0.01 to 0.20 wt%, and the balance of Al and incidental elements, based on the total weight of the aluminum alloy
material; wherein the aluminum alloy material satisfies the inequation of: 2.30 wt% < (Si + Mg + Zn + 2Cu) < 3.20 t%.
[0007] Preferably, the aluminum alloy material comprises: Si 0.6 to 1.2 wt%, Mg 0.7 to 1.2 wt%, Zn 0.3 to 0.6 wt%,
Cu 0.05 to 0.20 wt%, Mn 0.05 to 0.15 wt%, Zr 0.05 to 0.15 wt%, and the balance of Al and incidental elements, based
on the total weight of the aluminum alloy material; wherein the aluminum alloy material satisfies the inequation of : 2.50
wt% < (Si+ Mg + Zn + 2Cu) < 3.00 wt%.

[0008] The present invention further provides a method of producing an aluminum alloy material comprising:

1) producing cast ingots from the aluminum alloy material according to the present invention;
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2) homogenizing the produced ingots;

3) deforming the homogenized ingots via hot rolling and cold rolling processes to produce an aluminum alloy sheet
having the desired specification;

4) solution heat treating the deformed aluminum alloy sheet;

5) cooling rapidly the treated aluminum alloy sheet to room temperature; and

6) naturally aging or artificially pre-aging the aluminum alloy sheet.

[0009] The presentinvention further provides a final component made from the aluminum alloy material according to
the present invention. Preferably, the final component comprises an external or internal panel of automotive.

BRIEF DESCRIPTION OF DRAWINGS

[0010] Figure 1 indicates a comparison of essential performances among the alloy according to the present invention,
6016 aluminum alloy, 6111 aluminum alloy and 6022 aluminum alloy.

DETAILED DESCRIPTION OF INVENTION

[0011] To address the problems that existing commercially available 6xxx series (Al-Mg-Si-based) aluminum alloys
for automotive body panels exhibit relatively simplex precipitation sequence and primary strengthening phase type and
are unlikely to provide desirable response capacity to bake hardening, the inventors make a variety of improvements to
the existing 6xxx series aluminum alloys. Of those, an appropriate amount of Zn is incorporated as primary alloying
element to provide the alloy with a new ageing precipitation sequence, thereby significantly enhancing the response
capacity to the baking age-hardening of alloys. By controlling the concentration of the alloying element Cu at a relatively
low level, it is possible to maintain a relatively good corrosion resistance of alloy while increasing properly the response
rate of alloy age hardening. Meanwhile, secondary alloying elements including Zr, Mn, and the like, which are used for
microalloying, can facilitate the refining of material structures, as well as the improvement of material properties and
surface quality. The refinement and optimization of component levels and element ratios of the alloys are an important
guarantee for ensuring the obtainment of a superior performance match. Through reasonable designs, the alloys can
precipitate strengthening phases of Mg,Si structure and MgZn, structure cooperatively during the baking ageing, while
keeping a good formability, so that the 6xxx series alloys according to the present invention can achieve a rapid age
hardening response during conventional baking treatment, and obtain a more superior service strength. The inventors
further find that the complication of polydimensional alloy structure caused by the incorporation of various alloying
elements needs to be matched and regulated by optimizing the design of preparation process thereof.

[0012] Thus, the present invention provides an aluminum alloy material suitable for the manufacture of automotive
body panels comprising: Si 0.6 to 1.2 wt%, Mg 0.7 to 1.3 wt%, Zn 0.25 to 0.8 wt%, Cu 0.01 to 0.20 wt%, Mn 0.01 to 0.25
wt%, Zr 0.01 to 0.20 wt%, and the balance of Al and incidental elements, based on the total weight of the aluminum
alloy material, wherein the aluminum alloy material satisfies the inequation of 2.30 wt%< (Si + Mg + Zn + 2Cu) < 3.20 wt%.
[0013] In an aspect, the aluminum alloy material comprises: Si 0.6 to 1.2 wt%, Mg 0.7 to 1.2 wt%, Zn 0.3 to 0.6 wt%,
Cu 0.05 to 0.20 wt%, Mn 0.05 to 0.15 wt%, Zr 0.05 to 0.15 wt%, and the balance of Al and incidental elements, based
on the total weight of the aluminum alloy material; wherein the aluminum alloy material satisfies the inequation of: 2.50
wt%< (Si + Mg + Zn + 2Cu) < 3.00 wt%.

[0014] In another aspect, the aluminum alloy material satisfies the inequation of: 0.75 < 10Mg / (8Si + 3Zn) < 1.15.
[0015] In still another aspect, the aluminum alloy material satisfies the inequation of: 0.15 wt% < (Mn + Zr) < 0.25 wt%.
[0016] In still another aspect, the incidental elements of the aluminum alloy material refer to the elements which are
impurities or entrained by grain refiner in the manufacture of aluminum alloy ingots (that is, metallic or non-metallic
elements in addition to essential alloying elements, including Fe, Ti, Cr, Ni, V, Ag, Bi, Ga, Li, Pb, Sn, B, etc.). The
incidental elements according to the present invention comprise Fe, Ti, and one or more selected from other incidental
elements, wherein Fe < 0.40 wt%, Ti < 0.15 wt%, each of other incidental elements < 0.15 wt%, and the sum of other
incidental elements < 0.25 wt%. Preferably, in the aluminum alloy material, Fe < 0.20 wt%, Ti < 0.10 wt%, each of other
incidental elements < 0.05 wt%, and the sum of other incidental elements < 0.15 wt%.

[0017] In still another aspect, in the aluminum alloy material, the impurity element Fe and the microalloying element
Mn satisfy the inequation of: Fe < 2Mn.

[0018] Moreover, the present invention further provides a method of producing an aluminum alloy material comprising
the steps of:

1) producing cast ingots from the aluminum alloy material according to the present invention;
2) homogenizing the produced ingots;
3) deforming the homogenized ingots via hot rolling and cold rolling processes to produce an aluminum alloy sheet



10

15

20

25

30

35

40

45

50

55

EP 2 987 879 A1

having the desired specification;

4) solution heat treating the deformed aluminum alloy sheet;

5) cooling the treated aluminum alloy sheet to room temperature rapidly; and
6) naturally aging or artificially pre-aging the aluminum alloy sheet.

[0019] Of those, in step (1), the castingots are produced by the steps of melting, degasification, removal of inclusion,
and DC casting, wherein the concentrations of elements are accurately controlled during melting by use of Mg and Zn
as the core elements; and the ratios among alloying elements are rapidly supplemented and adjusted by on-line detection
and analysis of components so as to complete the production of cast ingots. In a preferable aspect, step 1) further
comprises electromagnetic stirring, ultrasonic stirring, or mechanical stirring during the processes of melting, degasifi-
cation, removal of inclusion, and DC casting.

[0020] In step 2), the homogenization treatment is carried out by means selected from the group consisting of: (1)
progressive homogenization treatment in a temperature range of from 360 to 560°C for 16 to 60 hours; and (2) multi-
stage homogenization treatment in a temperature range of from 400 to 560°C for 12 to 60 hours. Preferably, the multi-
stage homogenization treatment is carried out in 3 to 6 stages, wherein the temperature of the first stage is lower than
465°C, the temperature of the final stage is higher than 540°C, and the holding time is more than 6 hours.

[0021] In step 3), the following procedures are carried out: (1) the ingot is firstly subject to preheating treatment at a
temperature of 380 to 460°C for 1 to 6 hours in a manner of furnace heating, and then undergoes hot rolling deformation
treatment in an alternating direction or a forward direction where the initial rolling temperature is 380 to 450°C and the
finish rolling temperature is 320 to 400°C, with the deformation amount of more than 60%, to produce a hot-rolled blank
having a thickness of 5 to 10 mm; (2) the hot-rolled blank is subject to intermediate annealing treatment at a temperature
of 350 to 450°C with a holding time of 0.5 to 10 hours, and air cooled; (3) the annealed blank is subject to cold rolling
deformation process at a temperature of from room temperature to 200°C with the total deformation of more than 65%,
to produce the desired thickness specification of product. Preferably, in step (3), a second intermediate annealing
treatment is carried out under 350-450°C/0.5-3 hours between passes of cold rolling deformation process.

[0022] In step 4), the solution heat treatment further adjusts the grain size and the proportion of the re-crystallized
structure in the sheet in accordance with the requirements of performance, and is carried out in a manner selected from
the group consisting of: (1) two or multi- stage solution heat treatment at a temperature ranging from 440 to 560°C for
total 0.1 to 3 hours in a manner of furnace heating; (2) progressive solution heat treatment at a temperature ranging
from 440 to 560°C for total 0.1 to 3 hours. In a preferable aspect, the step is carried out in progressive manner, and
0°C/min < heating rate < 60°C/min.

[0023] In step 5), the aluminum alloy sheet is rapidly cooled to room temperature by means selected from the group
consisting of cooling medium spraying quenching, forced-air cooling quenching, immersion quenching, and any combi-
nation thereof.

[0024] In step 6), the aging treatment is carried by means select from the group consisting of: (1) a natural aging
treatment at an ambient temperature of < 40°C for of >14 days after completion of quench-cooling; (2) a single-, two-,
or multi-stage artificial aging treatment at a temperature ranging from 60 to 200°C for total 1 to 600 minutes within 2
hours from the completing of quench-cooling; and (3) a combination of natural aging treatment with artificial aging
treatment after completion of quench-cooling. Preferably, the artificial aging treatment is carried out at a temperature
ranging from 60 to 200°C for of 1 to 600 minutes; and the natural aging treatment is carried out for 2 to 360 hours.
[0025] In a preferable aspect, the method can further comprise, between step (5) and step (6), an additional step of
straightening the cooled sheet by means selected from the group consisting of roll straightening, tension straightening,
stretch bending straightening, and any combination to eliminate the sheet defects and enhance the sheet flatness,
thereby facilitating subsequent processing.

[0026] Of those, the aluminum alloy sheet made from the aluminum alloy according to the present invention has a
yield strength of < 150 MPa and an elongation of > 25%; and after stamping deformation and conventional baking
treatment (170-180°C/20-30min), the aluminum alloy sheet exhibits a yield strength of > 220 MPa and a tensile strength
of >290 MPa. Namely, the yield strength after baking is increased for more than 90 MPa. In a preferable aspect, the
aluminum alloy sheet has a yield strength of >140 MPa and an elongation of >26%; and after conventional baking
treatment, the aluminum alloy sheet exhibits a yield strength of >235Mpa and a tensile strength >310MPa. Namely, the
yield strength of the aluminum alloy sheet after baking is increased for more than 100 MPa. In a further preferable aspect,
the aluminum alloy sheet has a yield strength of <140MPa and an elongation of >27%; and after conventional baking
treatment, the aluminum alloy sheet exhibits a yield strength of >245MPa and a tensile strength >330MPa. Namely, the
yield strength after baking is increased for more than 110 MPa.

[0027] In an aspect, the aluminum alloy material according to the present invention can be welded together with itself
oranother alloy by means selected from the group consisting offriction stirring welding, melting welding, soldering/brazing,
electron beam welding, laser welding, and any combination thereof, to form a product.

[0028] The presentinvention further provides a final component which is produced by the surface treatment, stamping
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process, and/or baking treatment of an aluminum alloy sheet made from the aluminum alloy material according to the
present invention. Preferably, the final component is an external or internal panel of automotive body.
[0029] The benefits of the present invention comprise:

(1) The optimized composition of Al-Mg-Si-based aluminum alloy, together with the matching preparation method
achieve an enhancement of response capability to bake hardening of alloy by the cooperation of both Mg/Si and
Mg/Zn aging precipitation sequences, so that the material exhibits both high bake hardening property and good
formability, while further having good corrosion resistance and surface quality. Such material having a good com-
prehensive property is a desirable material for the manufacture of automotive body panels, and can satisfy the strict
requirements of automotive manufacturing industry for aluminum alloy body panels.

(2) The present invention further discovers the potentials of age hardening of aluminum alloys without a need of
modifying existing baking processes and apparatus of automotive factories. Thus, it will encourage strongly the
automotive factories to widely replace steel with such aluminum alloy material to produce external body stampings
of automotives, facilitates to push the development of automotive light-weighting, and has important social and
economic benefits.

(3) The material according to the present invention has superior performances, moderate costs, simple and practical
preparation, good operability, as well as ease of industrialization and generalization, and thus has a considerable
market prospect.

[0030] Hereinafter the aluminum alloy material according to the present invention and the method of preparing the
same are further described with reference to the accompanying drawings. These examples are not limitative, but illus-
trative for the present invention.

EXAMPLE 1

[0031] For demonstrating the concept of the present invention, alloys were prepared in a laboratory scale. The com-
positions of the test alloys were shown in Table 1. A slab ingot having a thickness specification of 60 mm was prepared
by well-known procedures including alloy melting, degasification, removal of inclusion, and simulated DC casting. The
resultant ingot was charged into a resistance-heated furnace at a temperature of less than 360°C to undergo a slow
progressive homogenization treatment for total 36 hours, where the heating rate was strictly controlled in the range of
5 to 10°C/h. After completion of homogenization, the ingot was air cooled. The cooled ingot was subject to skin peeling,
face milling, and saw cutting, thereby producing a rolled blank having a thickness specification of 40 mm. The blank was
pre-heated at 450=10°C for 2 hours. The pre-heated blank was rolled along with the width direction of the slab ingots
for 2 to 3 passes; and then rolled in a different direction, namely, rolled along with the length direction of the slab ingots
to athickness specification of about 6 mm, where the initial rolling temperature was 440°C and the finish rolling temperature
was 340°C. The rolled sheet was cut into a specific dimension, underwent an intermediate annealing treatment at
410£5°C/2h, and then was subject to 5 to 7 passes of cold rolling deformation treatment, thereby obtaining a thin sheet
having a thickness of about 1 mm. The thin sheet was charged into an air furnace at 460°C for undergoing a progressive
solution heat treatment from 460 to 550°C within a period of total 40 minutes. The treated thin sheet was subject to water
quenching, immediately followed by a straightening treatment. Then, the sheet was subject to a two-stage pre-aging
treatment under 90 to 140°C/10 to 40min in accordance with the characteristics of alloys. The treated sheet was stored
at room temperature for 2 weeks, and then was cut to give samples for tension test and cupping test. The remainder
sheet was subject to a 2% pre-deformation treatment, followed by a simulated baking treatment under 175°C/20min,
and was tested in accordance with relevant standards for the yield strength (R 5), elongation (A), hardening index
(n45), elastic strain ratio (ry5), cupping index (/g) of alloys in the T4P state, as well as the yield strength (R 5) and the
tensile strength (R,,) of alloy in baked state, respectively. The results were evaluated as the performance indice of sheets
in T4P state (delivery state) and baked state, as shown in Table 2.

Table 1: Compositions of Test Alloys

Allo Alloy according M Mn Concentrations
y to the present Si (wt%) 9 Zn (wt%) | Cu(wt%) Zr (wt%) of Primary
No. . . (wt%) (Wt%) "
invention (Y/N) Impurities
Fe=0.15,
1# Y 0.60 1.20 0.60 0.20 0.10 0.12 Ti=0.02
Fe=0.15,
2# Y 1.00 0.80 0.60 0.15 0.10 0.10 Ti=0.02
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(continued)

Alloy according Concentrations

Allby | o the present | Siwt%) | M9 | znwi%) | cuwte) | MM | zrwt%) | of Primary

No. . . (Wt%) (Wt%) "
invention (Y/N) Impurities
Fe=0.10,

3# Y 1.20 1.00 0.60 0.05 0.05 0.15 Ti=0.02
Fe=0.15,

4# Y 0.90 0.70 0.60 0.20 0.10 0.10 Ti=0.02
Fe=0.15,

5# Y 0.90 1.30 0.80 0.10 0.10 0.10 Ti=0.02
Fe=0.15,

6# Y 1.00 1.00 0.50 0.20 0.20 0.02 Ti=0.02
Fe=0.15,

T# Y 0.90 0.90 0.30 0.20 0.10 0.11 Ti=0.02
Fe=0.05,

8# Y 0.90 0.70 0.70 0.15 0.03 0.19 Ti=0.02
Fe=0.15,

o# Y 0.80 0.90 0.25 0.20 0.15 0.05 Ti=0.02
Fe=0.10,

10# N 0.90 0.90 0.60 0.50 0.10 0.12 Ti=0.02
Fe=0.10,

11# N 0.80 0.80 0.50 0.60 0.10 0.00 Ti=0.02
Fe=0.10,

12# N 0.80 0.75 1.06 0.20 0.12 0.04 Ti=0.02
Fe=0.12,

13# N 1.00 1.20 0.70 0.20 0.10 0.10 Ti=0.02
Fe=0.12,

14# N 0.60 0.70 0.50 0.15 0.10 0.10 Ti=0.02
Fe=0.50%,

15# N 0.85 0.75 0.25 1.00 0.25 0.25 Ti=0.05%,
Cr=0.15*

Fe=0.10%,

16# N 1.10 0.60 0.15 0.05 0.12 / Ti=0.15
Fe=0.10,

17# N 0.80 1.00 0.70 0.40 / / Ti=0.02,
Cr=0.20*

Fe=0.10,

18# N 0.68 0.95 0.20 / 0.20 / Ti=0.02
Fe=0.10,

19# N 0.90 0.90 0.73 0.75 / / Ti=0.02,
Cr=0.25*

NOTE: indicating that the specified element was an specially-added microelement, other than an impurity element.
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Table 2: Results of Performance Tests of Alloys

T4P State Baked State
Alloy No. ARy 2 (MPa)
Roo2 (MPa) | A(%) | nms | rs | le(mm) | Ryp (MPa) | Ry, (MPa)
1# 124 275 | 0.27 | 0.70 8.8 303 230 106
2# 144 27.0 | 0.28 | 0.69 8.6 334 254 110
3# 137 26.5 | 0.30 | 0.71 8.8 340 262 125
44 136 295 | 0.29 | 0.67 8.7 333 250 114
5# 147 26.0 | 0.29 | 0.66 8.5 344 261 114
6# 138 30.0 | 0.28 | 0.70 8.8 338 258 120
7# 130 315 | 0.30 | 0.75 8.9 332 249 119
8# 133 27.0 | 0.27 | 0.70 8.4 319 240 107
o# 129 325 | 0.27 | 0.71 8.6 329 247 118
10# 165 250 | 0.26 | 0.72 8.4 334 257 92
11# 163 240 | 0.28 | 0.70 8.3 329 248 85
12# 145 21.0 | 025 | 0.64 7.9 322 236 91
13# 166 250 | 0.28 | 0.71 8.1 347 260 94
14# 123 295 | 0.29 | 0.72 8.3 316 208 85
15# 173 275 | 0.27 | 0.70 8.0 331 239 66
16# 137 280 | 029 | 0.7 8.5 305 219 82
17# 154 225 | 027 | 0.64 7.7 325 240 86
18# 125 29.0 | 0.26 | 0.74 8.4 277 202 77
19# 172 225 | 0.27 | 0.65 7.8 348 263 91

[0032] It can be seen from Table 2 that Alloys 1#, 2#, 3#, 4#, 5#, 6#, 7#, 8#, and 9# are all well-matched between the
formability and bake hardening in T4P-state. In the case of delivery state, these alloys exhibit yield strengths maintained
below 150 MPa and elongations higher than 26.0%, and have good deep drawing property. Meanwhile, after conventional
baking treatment, the yield strengths of the alloys are increased for 105 MPa or more, and the tensile strengths are
higher than 300 MPa. The performances of Alloys 10#, 11#, 12#, 13#, 14#, 15#, 16#, 17#, 18#, and 19# do not satisfy
the aforesaid well-matching between formability and bake hardening, thereby causing an undesirable comprehensive
property of alloy. Of those, Alloys 10#, 11#, 15#, 17#, and 19# have a relatively higher alloy content or Cu content, and
the yield strengths of alloys in delivery state are relatively too high for stamping formation. Alloy 12# has a relatively high
Zn content, and the elongation of alloy in delivery state is too low for stamping formation. Alloys 13# and 14# satisfy the
composition requirement of alloy, but do not satisfy the component ratio requirement, and the former has a relatively
high yield strength in delivery state, and the latter has a relatively poor performance. Alloy 16#, which is compositionally
similar to 6016 Alloy, has good formability, but the bake hardening property thereof is limited. Alloy 18# has a relatively
low Zn content and is free of microelements Mn and Zr; and the comprehensive performance of this alloy is relatively poor.

EXAMPLE 2

[0033] Aluminum alloy sheets having different Zn levels were prepared in lab. The compositions of test alloys were
shown in Table 3. A slab ingot having a thickness specification of 60 mm was prepared by well-known procedures
including alloy melting, degasification, removal of inclusion, and simulated DC casting. The resultant ingot was subject
to a single-stage homogenization under 550+3°C/24h and a progressive homogenization (at a temperature ranging
from 360 to 560°C for total 30 hours with the heating rate of 6 to 9°C/h). After completion of homogenization, followed
by air cooling. The ingot was subject to metallographic phase observation and electronic microscope observation. The
observations in combination with DSC analysis were used for analyzing the over-burning of alloy structures. The results
are shown in Table 4.
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Table 3: Compositions of Test Alloys

Allo Alloy according M Mn Concentrations
Noy to the present Si (wt%) (th) Zn (wt%) | Cu(wt%) (Wt%) Zr (wt%) of primary
' invention (Y/N) ? ? impurities (wt%)
Fe=0.20,
20# N 0.90 0.90 <0.01 0.20 0.10 0.12 Ti=0.02
Fe=0.20,
21# Y 0.90 0.90 0.60 0.20 0.10 0.12 Ti=0.02
Fe=0.20,
22# N 0.90 0.90 1.20 0.20 0.10 0.12 Ti=0.02

Table 4: Over-Sintering of Structures of Test Alloys After Different
Homogenization Treatments

Alloy No. | Processes of Homogenization Treatments | Over-Sintering (Y/N)
Single-stage, 550+ 3°C/24h N
20# Progressive homogenization
(Temperature: 360 to 560°C; total time: 30 N
hours; heating rate: 6 to 9°C/h)
Single stage, 550+3°C/24h Y
21# Progressive homogenization
(Temperature: 360 to 560°C; total time: 30 N
hours; heating rate: 6 to 9°C/h)
Single stage, 550+3°C/24h Y
204 Progressive homogenization
(Temperature: 360 to 560°C; total time: 30 N
hours; heating rate: 6 to 9°C/h)

[0034] It can be seen from the analysis of the aforesaid results that for Al-Mg-Si-Cu-based alloys in which Zn is
incorporated, single-staged high temperature homogenization will cause the occurrence of over-burning. Thus, the slab
ingots of test alloys 20#, 21# and 22# are all treated with the progressive homogenization (temperature: 360 to 560°C;
total time: 30 hours; heating rate: 6 to 9°C/h). After rolling, solution, pre-aging and simulated baking treatments similar
to Example 1, the alloy sheets were tested for the yield strength (Rpo_z), elongation (A), hardening index (n4s), elastic
strain ratio (ry5), and cupping index (/g) in delivery state, as well as the yield strength (R 5), the tensile strength (Ry))
and the intercrystalline corrosive property in baked state, respectively. The results were evaluated as the performance
indice of sheets in T4P state (delivery state) and baked state, as shown in Table 5.

Table 5: Results of Performance Tests of Alloys

T4P State Baked State
Alloy 4R | Rating of Intercrystalline
No. Roo.2 A n r le Roo.2 R (MPa) Corrosion
(MPa) (%) 15 5 (mm) (MPa) (MPa)
20# 126 29.5 | 0.27 | 0.71 8.9 283 204 78 1
21# 137 28.5 | 0.29 | 0.70 8.7 342 251 114 1
22# 157 20.5 | 0.28 | 0.64 7.8 353 259 102 3

[0035] It can be seen from Table 5 that Alloy 21# according to the present invention has both good formability and
good bake hardening property in T4P state. However, Alloy 20# comprising no Zn exhibits good formability, but has
relatively low response capability to bake hardening; and Alloy 22# having a relatively high Zn level has a relatively good
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response capability, but exhibits substantively decreased formability and corrosion resistance; thus, they are unlikely to
satisfy the requirements for manufacturing automotive body panels.

EXAMPLE 3

[0036] Aluminum alloy sheets having different Cu levels were produced in lab. The compositions of the aluminum
alloys were shown in Table 6. Casting ingots were obtained by procedures similar to Example 1: The ingots were charged
into a resistance-heated furnace at a temperature of less than 380°C to undergo a multi-stage homogenization treatment
for total 48 hours, and then air cooled. The cooled ingots were subject to skin peeling, face milling, and saw cutting,
thereby producing rolled blanks having a thickness specification of 40 mm. The blanks were pre-heated at 425+10°C
for 4 hours. The pre-heated blanks were rolled along with the width direction of the slab ingots for 2 to 3 passes; and
thenrolled in adifferent direction, namely, rolled along with the length direction of the slab ingots to a thickness specification
of about 6 mm, where the primary rolling temperature was 420°C and the finish rolling temperature was 320°C. The
rolled sheet was cut into a specific dimension, underwent an intermediate annealing treatment at 380=5°C/4h, and then
was subject to 5 to 7 passes of cold rolling deformation treatment, thereby obtaining a thin sheet having a thickness of
about 1.1 mm. The thin sheet was subject to a two-stage solution heat treatment in a salt bath tank under
(465+5°C/20min)+(550:5°C/10min). The treated thin sheet was subject to water quenching, immediately followed by
a straightening treatment. Then, the sheet was subject to a three-stage artificial pre-aging treatment under 85 to 145°C/10
to 50min in accordance with the characteristics of alloys. The treated sheet stored at room temperature for 2 weeks,
and then was cut to give samples for tension test and cupping test. The remainder sheet was subject to a 2% pre-
deformation treatment, followed by a simulated baking treatment under 175°C/20min, and was tested in line with relevant
standards for the yield strength (R, ), elongation (A), hardening index (n4s), elastic strain ratio (ry5), cupping index (/g)
of alloys in the T4P state, as well as the yield strength (Rp0.2) and the tensile strength (R,,) of alloy in baked state,
respectively. The results were evaluated as the performance indice of sheets in T4P state (delivery state) and baked
state, as shown in Table 7.

Table 6: Compositions of Test Alloys

Allo Alloy according M Mn Concentrations
Noy to the present Si (wt%) (th) Zn (wt%) | Cu(wt%) (Wt%) Zr (wt%) of primary
' invention (Y/N) ° ° impurities (Wt%)
Fe=0.15,
23# N 0.90 0.95 0.55 <0.01 0.10 0.11 Ti=0.02
Fe=0.15,
24# Y 0.90 0.95 0.55 0.13 0.10 0.11 Ti=0.02
Fe=0.15,
25# N 0.90 0.95 0.55 0.6 0.10 0.11 Ti=0.02
Table 7: Results of Performance Tests of Alloys
T4P State Baked State
Alloy ARp0 2 Rate of Intercrystalline
No. Roo.2 A n r I Roo.2 Rm (MPa) Corrosion
(MPa) (%) 5 | (mm) | (MPa) | (MPa)
23# 129 29.0 | 0.29 | 0.73 8.8 309 217 88 1
24# 134 30.0 | 0.30 | 0.73 9.0 338 250 116 1
25# 157 20.5 | 0.28 | 0.64 8.3 343 259 102 2

[0037] It can be seen from Table 7 that Alloy 24# according to the present invention has both good formability and
good bake hardening property in T4P state. However, Alloy 23# comprising no Cu exhibits good formability, but has
relatively low response capability to baking hardening; and Alloy 25# having a relatively high Cu level has a relatively
good response capability, but exhibits substantively decreased corrosion resistance; thus, they are unlikely to satisfy
the requirements for manufacturing automotive body panels.
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EXAMPLE 4

[0038] Aluminum alloy sheets having different Mn and Zr levels were produced in lab. The compositions of the alloys
were shown in Table 8. The sheets were treated by the same procedures as Example 3 including melting, homogenization,
rolling, solution heat treatment and quenching, as well as pre-aging and simulated baking, and the like. In according
with the relevant test standards, the alloy sheets were tested for the yield strength (Rpo_z), elongation (A), hardening
index (n4s), elastic strain ratio (ry5), cupping index (/g) in T4P state and the yield strength (Rpo_z), the tensile strength
(Rm), and intercrystalline corrosion property in baked state, respectively. The results were evaluated as the performance
indice of sheets in T4P state (delivery state) and baked state, as shown in Table 9.

Table 8: Compositions of Test Alloys

Allo Alloy according M Mn Concentrations
Noy to the present Si (wt%) (wt‘?/) Zn (wt%) | Cu(wt%) (Wt%) Zr (wt%) of primary
' invention (Y/N) ° ° impurities (Wt%)
Fe=0.15,
26# N 0.80 0.90 0.50 0.20 <0.01 <0.01 Ti=0.02
Fe=0.15,
27# N 0.80 0.90 0.50 0.20 0.20 <0.01 Ti=0.02
Fe=0.15,
28# Y 0.80 0.90 0.50 0.20 0.10 0.11 Ti=0.02
Table 9: Results of Performance Tests of Alloys
T4P State Baked State
Alloy R I R R ARy02 Average grain size
No. p0.2 9 E p0.2 m (MPa) (em)
Mpay | AP s | ms L 1 (MPa) | (MPa)
26# 132 27.0 0.25 | 0.63 75 327 238 106 123
27# 137 28.5 0.28 | 0.69 8.0 332 242 105 87
28# 140 31.0 0.30 | 0.72 8.8 338 255 115 50
[0039] It can be seen from Table 9 that Alloy 28# according to the present invention has both good formability and

good bake hardening property in T4P state. However, Alloy 26# which is free of Mn and Zr exhibits a relatively high
response capability to bake hardening, but has a relatively poor formability due to coarse grain size thereof. In addition,
Alloy 27# comprising no Zr exhibits a relatively high response capability to bake hardening, but having a relatively high
Culevel has arelatively good response capability, whereas the formability thereof is better than Alloy 27#, but substantially
inferior as compared with Alloy 28# according to the present invention.

EXAMPLE 5

[0040] Alloys were produced in an industrial scale, and the compositions of the alloys were as shown in Table 10.
Slab ingots having a thickness specification of 180 mm were produced via well known procedures including melting,
degasification, removal of inclusion, and simulated DC casting. Then, the ingot of Alloy 25# was homogenized with a
progressive homogenization treatment (at a temperature ranging from 360 to 555°C, total time: 30 hours; heating rate:
510 9°C/h), and the remainder alloys were treated via conventional annealing treatment (550==5°C/24h). Then, the ingots
were air cooled. The cooled ingots were subject to skin peeling, face milling, and saw cutting, thereby producing rolled
blanks having a thickness specification of 120 mm. The blanks were pre-heated at 445+=10°C for 5 hours. The pre-
heated blank was subject to 6 to 10 passes of forward rolling thermal-deformation process to obtain rolled sheet blanks
having a thickness of about 10 mm, wherein the initial rolling temperature was 440°C, and the finish rolling temperature
was 380°C. The rolled sheets were cut into a specific dimension, and underwent an intermediate annealing treatment
at410x=5°C/2h. After completion of intermediate annealing, the sheet blanks were subject to 2 to 4 passes of cold rolling
deformation treatment at a temperature ranging form room temperature to 200°C to reach a 5 mm thickness specification.
Then, the sheet blanks were subject to a further intermediate annealing treatmentunder 360-420°C/1-2.5h. After complete
cooling, the sheets continued to undergo cold rolling deformation to produce thin sheets having a 0.9 mm thickness
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specification. The thin sheets were charged into an air furnace at 460°C to undergo a progressive solution heat treatment
from 440 to 550°C for total 40 min. After water quenching, the sheets were subject to leveling treatment, followed by
single- or two-stage pre-aging treatment under 90-140°C/10-40min, respectively, in accordance the characteristics of
alloys per se. Then, the sheets stored at room temperature for 2 weeks, and underwent tension test and cupping test
in accordance with relevant methods. Moreover, the sheets were subject to 2% pre-deformation treatment, and then
subject to simulated bake heating treatment under 175°C/30min. In according with the relevant test standards, the alloy
sheets were tested for the yield strength (Rpo_z), elongation (A), hardening index (n,5), elastic strain ratio (r45), cupping
index (/g) in T4P state and the yield strength (Rp 2), the tensile strength (R,), and intercrystalline corrosion property in
baked state, respectively. The results were evaluated as the performance indice of sheets in T4P state (delivery state)
and baked state. Meanwhile, the surface quality of sheets was observed via simulated punching test. The results are
shown in Table 11.

Table 10: Composition of Alloys

Alloy prei!z}tlir?\f/;:?ion Si Mg Zn Cu Mn zr Fe Cogfcs:;::mzts "
0, 0, 0, 0, 0, 0, 0,
No. (YIN) (wt%) (Wt%) (wt%) (Wt%) (wt%) (Wt%) (wt%) impurities (wt%)
Fe=0.15,
29¢# Y 0.90 0.95 0.50 0.16 0.10 0.10 / Ti=0.02
Fe=0.15,
30# N 1.25 0.43 / / / / / Ti=0.02
Fe=0.15,
31# N 0.85 0.75 / 0.70 0.28 / / Ti=0.02
32# N 1.10 0.58 / 0.06 0.06 / 0.13 Ti=0.02
NOTE: The compositions of Alloys 26#, 27#, and 28# are median values of the compositions of 6016, 6111 and 6022
aluminum alloys registered in the International Aluminum Association.

Table 11: Results of Performance Tests of Alloys

T4P State Baked State (PB)
Alloy ARy02 Surface quality after
No. Rpo.2 A n 5 Ie Rpo.2 R (MPa) punch formation
(MPa) (%) 5 ! (mm) (MPa) (MPa)
20# 133 30.5 | 0.29 | 0.72 8.9 346 254 121 good
30# 130 27.0 | 029 | 0.62 9.2 278 209 79 common
31# 162 28.5 | 0.29 | 0.68 7.7 339 250 88 good
32# 136 29.0 | 0.28 | 0.70 7.9 301 230 94 good

[0041] It can be seen from Table 11 that Alloy 29# according to the presenst invention exhibits both good formability
in T4P state and good bake hardening response, and has substantially superior comprehensive performances as com-
pared with 6016 alloy (Alloy 30#), 6111 alloy (Alloy 31#), 6022 alloy (Alloy 32#) produced under equivalent conditions.
In particular, the alloy according to the present invention exhibits substantially improved response capability to bake
hardening while maintaining the good formability, and thus can further satisfy the requirements for the manufacture of
automotive body panels. Figure 1 indicates the comparison of essential properties of Alloy 29# according to the present
invention, 6016 alloy, 6111 alloy, and 6022 alloy. It can be seen that the alloy product according to the present invention
has both good fomability and good bake hardening.

Claims

1. An aluminum alloy material suitable for the manufacture of automotive body panels, comprising, based on the total
weight of the aluminum alloy material,
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Si 0.6 to 1.2 wt%,
Mg 0.7 to 1.3 wt%,
Zn 0.25 to 0.8 wt%,
Cu 0.02 to 0.20 wt%,
Mn 0.01 to 0.25 wt%,
Zr 0.01 to 0.20 wt%,

and
the balance of Al and incidental elements, wherein
the aluminum alloy material satisfies the inequation of:

2.30 wt% < (Si + Mg + Zn + 2Cu) < 3.20 wt%.

The aluminum alloy material suitable for the manufacture of automotive body panels according to claim 1 comprising,
based on the total weight of the aluminum alloy material:

Si 0.6 to 1.2 wt%,
Mg 0.7 to 1.2 wt%,
Zn 0.3 to 0.6 wt%,
Cu 0.05 to 0.20 wt%,
Mn 0.05 to 0.15 wt%,
Zr 0.05 to 0.15 wt%,

and
the balance of Al and incidental elements, wherein
the aluminum alloy material satisfies the inequation of:

2.50 wt% < (Si + Mg + Zn + 2Cu) < 3.00 wt%.

The aluminum alloy material suitable for the manufacture of automotive body panels according to claim 1 or 2
wherein the aluminum alloy material satisfies the inequation of:

0.75 < 10Mg / (8Si + 3Zn) < 1.15.

The aluminum alloy material suitable for the manufacture of automotive body panels according to claim 1 or 2
wherein the aluminum alloy material satisfies the inequation of:

0.15 wt% < (Mn + Zr) < 0.25 wt%.

The aluminum alloy material suitable for the manufacture of automotive body panels according to claim 1 or 2
wherein the incidental elements are impurities or entrained by grain refiner in the manufacture of aluminum alloy
ingots, the incidental elements comprise Fe, Ti and one or more selected from other incidental elements, wherein
Fe <0.40 wt%, Ti <0.15 wt%, each of the other incidental elements < 0.15 wt%, and the sum of the other incidental
elements < 0.25 wt%.

The aluminum alloy material suitable for the manufacture of automotive body panels according to claim 5 wherein
Fe <0.20 wt%, Ti <0.10 wt%, each of the other incidental elements < 0.05 wt%, and the sum of the other incidental
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elements < 0.15 wt%.

The aluminum alloy material suitable for the manufacture of automotive body panels according to claim 1 or 2
wherein, in the aluminum alloy material, Fe < 2Mn, wherein Fe is the incidental element.

A method of producing an aluminum alloy material comprising the steps of:

(1) producing an casting ingot from the aluminum alloy material according to anyone of claims 1 to 7;

(2) homogenizing the resultant ingot;

(3) deforming the homogenized ingots via hot rolling and cold rolling processes to produce an aluminum alloy
sheet having the desired specification;

4) solution heat treating the deformed aluminum alloy sheet;

5) cooling rapidly the treated aluminum alloy sheet to room temperature; and

6) naturally aging or artificially pre-aging the aluminum alloy sheet.

The method according to claim 8 wherein in step (1), the cast ingots are produced by the steps of melting, degas-
ification, removal of inclusion, and DC casting, wherein the concentrations of elements are accurately controlled
during melting by use of Mg and Zn as the core elements; and the ratios among alloying elements are rapidly
supplemented and adjusted by on-line detection and analysis of components so as to complete the production of
cast ingots.

The method according to clam 9 wherein step 1) further comprises electromagnetic stirring, ultrasonic stirring, or
mechanical stirring during the processes of melting, degasification, removal of inclusion, and DC casting.

The method according to claim 8 wherein, in step (2), the homogenization treatment is carried out by means selected
from the group consisting of:

(1) progressive homogenization treatment in a temperature range of from 360 to 560°C for 16 to 60 hours, with
the heating rate ranging from 1°C/h to 30°C/h excluding 1°C/h; and
(2) multi-stage homogenization treatment in a temperature range of from 400 to 560°C for total 12 to 60 hours.

The method according to claim 8 wherein in step 3), the following procedures are carried out:

(1) the ingot is first subject to preheating treatment at a temperature of 380 to 460°C for 1 to 6 hours in a manner
of furnace heating, and then undergoes hot rolling deformation treatment in an alternating direction or a forward
direction where the initial rolling temperature is 380 to 450°C and the finish rolling temperature is 320 to 400°C,
with the deformation amount of more than 60%, to produce a hot-rolled blank having a thickness of 5 to 10 mm;
(2) the hot-rolled blank is subject to intermediate annealing treatment at a temperature of 350 to 450°C with a
holding time of 0.5 to 10 hours; and

(3) after completion of intermediate annealing, the blank is subject to cold rolling deformation process at a
temperature of from room temperature to 200°C with the total deformation of more than 65%, to produce the
desired thickness specification of product.

The method according to claim 12 wherein in step (3), a second intermediate annealing treatment is carried out
under 350-450°C/0.5-3 hours between passes of cold rolling deformation process.

The method according to claim 8 wherein, in step (4), the solution heat treatment is carried out in a manner selected
from the group consisting of:

(1) two or multi- stage solution heat treatment at a temperature ranging from 440 to 560°C for total 0.1 to 3
hours; and

(2) progressive solution heat treatment at a temperature ranging from 440 to 560°C for total 0.1 to 3 hours.

The method according to claim 14 wherein the solution heat treatment is the step is carried out in a progressive
manner wherein 0°C/min < heating rate < 60°C/min.

The method according to claim 8 wherein, in step (5), the aluminum alloy sheet is rapidly cooled to room temperature
by means selected from the group consisting of cooling medium spraying quenching, forced-air cooling quenching,
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immersion quenching, and any combination thereof.

The method according to claim 8 wherein, in step (6), the aging treatment is carried by means select from the group
consisting of:

(1) a natural aging treatment at an ambient temperature of > 40°C for of >14 days after completion of quench-
cooling;

(2) a single-, two-, or multi-stage artificial aging treatment at a temperature ranging from 60 to 200°C for total
1 to 600 minutes within 2 hours from the completing of quench-cooling; and

(3) a combination of natural aging treatment with artificial aging treatment after completion of quench-cooling,
wherein the artificial aging treatment is carried out at a temperature ranging from 60 to 200°C for of 1 to 600
minutes, and the natural aging treatment is carried out for 2 to 260 hours.

The method according to claim 8 further comprising, between steps (5) and (6), an additional step of straightening
the cooled sheet by means selected from the group consisting of roll straightening, tension straightening, stretch
bending straightening, and any combination to eliminate the sheet defects and enhance the sheet flatness, thereby
facilitating subsequent processing.

The aluminum alloy material according to any one of claims 1 to 7 or produced in accordance with the method of
any one of claims 8 to 18 wherein an aluminum alloy sheet made from the aluminum alloy material has a yield
strength of > 150MPa and an elongation of > 25%; after baking treatment, the aluminum alloy sheet has a yield
strength of > 220MPa, and a tensile strength of > 290MPa; and the yield strength of the aluminum alloy sheet after
baking is increased for more than 90 MPa.

The aluminum alloy material according to claim 19 wherein the aluminum alloy sheet has a yield strength of <140MPa
and an elongation of >26%; after baking treatment, the aluminum alloy sheet has a yield strength of > 235 MPa and
a tensile strength of > 310 MPa; and the yield strength after baking is increased for more than 100 MPa.

The aluminum alloy material according to claim 20 wherein the aluminum alloy sheet has a yield strength of <140MPa
and an elongation of >27%; after baking treatment, the aluminum alloy sheet has a yield strength >245MPa and a
tensile strength >330MPa; and the yield strength after baking is increased for more than 110 MPa.

The aluminum alloy material according to any one of claims 1 to 7 and 19 to 21 or produced in accordance with the
method of any one of claims 8 to 18, wherein the aluminum alloy material is welded together with itself or another
alloy by means selected from the group consisting of friction stirring welding, melting welding, soldering/brazing,
electron beam welding, laser welding, and any combination thereof, to form a product.

A final component comprising the aluminum alloy material according to any one of claims 1-7 and 19-21 or the
aluminum alloy material produced according to the method of any one of claims 8-18.

The final component according to claim 23 which is produced by means of forming the aluminum alloy material to
an aluminum alloy sheet, followed by allowing the aluminum alloy sheet to undergo surface treatment, stamping

formation, and baking treatment, to produce the final component.

The final component according to claim 23 or 24 wherein the final component is an external or internal panel of
automotive body.

14
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